Prior work suggests that internal features contribute more than external features to face processing. Whether this asymmetry is also true of the mental representations of faces is not known. We used face adaptation to determine whether the internal and external features of faces contribute differently to the representation of facial identity, whether this was affected by familiarity, and whether the results differed if the features were presented in isolation or as part of a whole face. In a first experiment, subjects performed a study of identity adaptation for famous and novel faces, in which the adapting stimuli were whole faces, the internal features alone, or the external features alone. In a second experiment, the same faces were used, but the adapting internal and external features were superimposed on whole faces that were ambiguous to identity. The first experiment showed larger aftereffects for unfamiliar faces, and greater aftereffects from internal than from external features, and the latter was true for both familiar and unfamiliar faces. When internal and external features were presented in a whole-face context in the second experiment, aftereffects from either internal or external features was less than that from the whole face, and did not differ from each other. While we reproduce the greater importance of internal features when presented in isolation, we find this is equally true for familiar and unfamiliar faces. The dominant influence of internal features is reduced when integrated into a whole-face context, suggesting another facet of expert face processing.
Introducton
Although a number of observations suggest that faces are processed holistically (Farah et al., 1998; Maurer, Le Grand, & Mondloch, 2002) , there is also evidence that certain parts of the face may contribute more than others to face processing (Shepherd, Davies, & Ellis, 1981) . For frontally viewed faces, one distinction is between the internal features such as the eyes, nose and mouth, and the external features, such as forehead, contour and hair. In particular, mechanisms for identifying faces are thought to analyse primarily the internal features of faces (Butler et al., 2010; Ellis, Shepherd, & Davies, 1979; Fletcher, Butavicius, & Lee, 2008; Stacey, Walker, & Underwood, 2005) . A greater dependence of identification on internal features may be advantageous, in that these internal features are less likely to change through the aging process, alterations in hairstyle or facial hair, or occlusion by objects like hats (Young, 1984) . In addition, the internal features likely receive disproportionate attention as they are central to social communication, and because of this may develop more prominence in mental representations of faces (Ellis, Shepherd, & Davies, 1979) . Others have also argued that internal features may be more useful for creating viewpoint-invariance in facial recognition, an important property for natural encounters (Campbell, Walker, & Baroncohen, 1995) .
Neuropsychological studies also support the importance of internal features for normal face identification. Patients with prosopagnosia, the inability to recognise faces, have particular difficulty processing the eyes and rely more on the mouth and external contour (Barton, 2008; Caldara et al., 2005) . These patients sometimes report that they use the external features of a face such as hair to recognise others (Nunn, Postma, & Pearson, 2001 ). On the other hand, a patient with object agnosia but not prosopagnosia could recognise faces by their internal features but not by their external aspects (Moscovitch, Wincour, & Behrmann, 1997) . While these types of observations support a proposed dominance of internal features in face recognition, they should not be taken as implying that external features do not contribute at all to face recognition. Even the earliest studies showed that, though less accurate, recognition of people from their http://dx.doi.org/10.1016/j.visres.2014.04.002 0042-6989/Ó 2014 Elsevier B.V. All rights reserved. external features is still possible (Ellis, Shepherd, & Davies, 1979) , and changing hairstyle or disguising the external contours can impede face recognition (Chan & Ryan, 2012; Patterson & Baddeley, 1977) . Furthermore, healthy observers perceive identical inner faces as different when they are surrounded by two different sets of external features (Sinha & Poggio, 1996) , particularly if external features are distinctive . Functional imaging studies also show that the fusiform face area shows adaptation effects generated by external features (Axelrod & Yovel, 2010) .
Another intriguing prior observation is that the relative importance of internal features over external ones may vary with the familiarity of the face. A number of reports have argued that there are differences in the way that familiar and unfamiliar faces are processed and perceived (Dubois et al., 1999; Megreya & Burton, 2006; Young et al., 1986) , An early distinction that was drawn was between pictorial codes to represent an image, and a more abstract structural code that represents the complex three-dimensional shape of real-life objects such as faces (Bruce & Young, 1986) . Structural codes are expected to be sparse for novel faces, particularly if there has been little experience with variations in viewpoint and expression. Others suggest that, as a result, this may lead to greater dependence of the processing of unfamiliar faces on pictorial codes, or 'low-level image descriptions', which do not support recognition very well when lighting direction or viewpoint are changed.
Most of the previous work on internal and external features has focused on perceptual processing of faces. However, the contribution of internal and external facial features has not yet been assessed using behavioural adaptation techniques. Such adaptation can be used to probe the neural representations of faces in the human visual system that are accessed during perceptual processing (Webster & MacLeod, 2011) . Although classically used for lowlevel visual properties such as contrast, orientation, hue and motion, adaptation techniques have recently been applied to high-level visual representations, in particular for faces. This has been used to investigate the representations of many different facial attributes including ethnicity and gender (Oruç, Guo, & Barton, 2009; Webster et al., 2004) , expression (Fox & Barton, 2007; Webster et al., 2004) , attractiveness (Rhodes et al., 2003) , age (Lai, Oruc, & Barton, 2012 , and identity (Fox, Oruc, & Barton, 2008; Leopold et al., 2001) . Even isolated aspects of faces such as silhouettes are sufficient to elicit strong aftereffects (Davidenko, Witthoft, & Winawer, 2008) . Also, by using careful manipulations of stimuli, it has been possible to use adaptation to clarify the relative contributions of specific facial properties to these attributes, such as the role of texture versus shape in facial age and identity (Lai, Oruc, & Barton, 2013; O'Neil & Webster, 2011) , the contributions of features versus their spatial relations (Pichler et al., 2012) , and of shape versus reflectance (Jiang, Blanz, & O'Toole, 2006) . Familiarity has also previously been shown to modulate both adaptation strength and transfer across viewpoints (Jiang, Blanz, & O'Toole, 2007) .
In the first experiment of this study, we pursued a similar strategy to reveal the relative contributions of internal versus external features of the face to identity judgments. We first explored the hypothesis that internal features are also emphasised over external facial components in the neural representations of faces. If so, this should be reflected in greater aftereffects from internal features than from external features. Second, if this difference is particularly characteristic of representations of familiar faces, we should find that this asymmetry between internal and external aftereffects should be more for familiar than for unfamiliar faces. Hence the results should show an interaction between the facial component being adapted and the familiarity of the face.
In the second experiment, we explored a third issue, the role of the whole facial context in these asymmetries. There is a substantial body of data that faces are processed as a whole rather than simply a collection of features (Maurer, Le Grand, & Mondloch, 2002) , and that this may be particularly true of the processing of familiar faces (Megreya & Burton, 2006) . Thus the spatial relationships between features may be as important as the features themselves, and there is evidence that perception of one feature or portion of the face is influenced by other portions of the face (Tanaka & Farah, 1993; Young, Hellawell, & Hay, 1987) , and that perception of spatial relations in one facial part are integrated with that in another (Barton, Zhao, & Keenan, 2003) . Likewise, neuroimaging studies suggest that internal features and external features may be represented independently but also influence the processing of each other Betts & Wilson, 2010) (Axelrod & Yovel, 2010) . However, despite the current emphasis on holistic processing (Schiltz & Rossion, 2006) , behavioural studies of the processing of internal and external features have typically presented these components as isolated facial fragments (Clutterbuck & Johnston, 2002 Ellis, Shepherd, & Davies, 1979; Young et al., 1985) . In the concluding experiment, we examined whether the asymmetry in internal versus external aftereffects is found when these components are integrated in a whole-face representation more typical of natural facial encounters.
Experiment 1
2.1. Methods 2.1.1. Subjects 14 participants took part in the Experiment 1 (10 females; mean age 28, range 21-42). All participants were right handed, had normal to corrected-to-normal vision. Only participants who could correctly identify the famous faces from an array of familiar and unfamiliar faces were used in this study. The institutional review boards of Vancouver General Hospital and the University of British Columbia approved the protocol, all subjects gave informed consent and the experiment was conducted in accordance with the principles of the Declaration of Helsinki.
Apparatus and stimuli
A HP Compaq 6730b Notebook with 15.4 00 screen displayed stimuli at 1280 Â 786 pixels resolution and a 60 Hz refresh rate. The screen was viewed from a distance of approximately 57 cm under consistent lighting conditions. The protocol was designed and conducted with SuperLab 4.0 (www.superlab.com).
Unfamiliar frontal face images of anonymous people were obtained from the HVEM-FIVE face database, while familiar faces were frontal face images of celebrities collected from a variety of internet sources (Fig. 1) . Hair that fell below the jawline and any distinguishing marks were removed using Adobe Photoshop CS2 (www.adobe.com). The face images were first converted to grey scale and superimposed on a black background. They were then re-sized so that the two members of a pair were as close in size as possible, to optimise the morphing process below. This was done by first making each image the same height, then aligning the pupils of the two images on top of each other, and equating the inter-pupillary distance of the two images, with a final minor adjustment. This last adjustment resulted in slight variation in image height between the members of a pair, the largest difference being 0.4°(1.6% of image height).
2.1.2.1. Adaptors. The border between internal and external components of each face was demarcated by an oval. The size of this oval was the same for male and female faces, so that the 'internal face' occupied the same area for all. This oval was sized so that there were approximately equal numbers of pixels for the internal and external features of male faces. However, because women had more hair, it was inevitable that their external component would be larger than the internal component, as we wished to maintain Fig. 1 . The pairs of face identities used in both experiments. In both experiments, images were aligned using inter-pupillary distance and height. In Experiment 1, adaptors were either whole faces, internal components with a grey external oval or, the external component with a grey internal oval. In Experiment 2, adaptors were either a 100% whole face, 100% internal with a 50:50 morph external, or 100% external with a 50:50 morph internal, or a 50:50 morph whole face. Yellow shading is shown here only to highlight the morphed areas. (B) Test images were created using a morph series of a face pair, using increments of 2.5%. 13 morph images from between 35% and 65% were used. (C) Paradigm. An adaptor was shown for 5 s, followed by a Gaussian white noise mask, a blank screen and a fixation cross each for 50 ms. The test stimulus of a morphed face was then presented for 300 ms. A choice screen was used to capture which of the two faces the test stimuli most resembled with a key press. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) the natural external face and hair contours in our images. We created three sets of adaptors ( Fig. 2A) . For whole-face adaptors, no alteration was made to these stimuli. For internal-face adaptors, the area of the face outside the oval was replaced by a homogenous grey shade which equalled the mean grey shade of the external features it was replacing. For external face adaptors, the area of the face inside the oval was replaced by a grey shade equal to the mean grey of the replaced internal features. All adaptors were approximately 700 pixels in height (17°visual angle) with variable width.
Test stimuli.
Fantamorph 5 was used to create test stimuli by generating a series of morphs between a pair of two original whole faces in steps of 2.5%, (Fig. 2B ). The 13 morph images from 35% face A/65% face B to 65% face A/35% face B were used. To reduce the contribution from low-level retinotopic aftereffects, test images varied in size from the adaptors, with a height of approximately 600 pixels in height (14.5°visual angle) and variable width.
2.1.2.3. Choice screen. These screens were created for each pair showing the two whole, un-morphed choice faces at approximately 500 pixels in height (12°visual angle) and variable width. For each face pair there were two choice screens, one with face A on the left and face B on the right, and one with face B on the left and face A on the right.
Protocol
Participants completed four blocks in a counterbalanced block design. Two blocks had familiar face pairs (one male block, one female block), and two blocks had unfamiliar face pairs (one male block, one female block). This 13 morph conditions resulting in a total of 78 trials, meant that there were two test images per block. For example, only Matt Damon and Ben Affleck were presented and tested together in one block. Each block was preceded by four practice trials to familiarise participants with the task. Participants took a rest break after each block.
Within a single trial, participants were first presented with an adapting image (whole, internal or external features) for 5 s, followed by a 50 ms Gaussian white noise mask, a 50 ms blank screen and a 50 ms fixation cross (Fig. 2C ). The test stimulus was then presented for 400 ms before a forced-choice screen appeared in which subjects were asked to indicate with a keyboard response which of the two faces the test stimuli most resembled. Each of the 13 morph test images was presented once with each of the 3 types of adaptors with each of the 2 identities used to create the morphs, resulting in 78 trials per block. The entire experiment contained 4 blocks (one for each face pair) and thus 312 trials in total.
Statistical analysis
Within a face pair, each face was arbitrarily categorised as either 'face 1' or 'face 2', and the proportion of 'face 2' responses for all the 13 test images were calculated. For example, in the pairing of Ben Affleck and Matt Damon in the familiar male pair, the frequency of responses that ambiguous test images resembled Ben Affleck (face 2) was counted for the entire block. This was compared between trials in which the adapting image was of Matt Damon (face 1) and those in which the adapting image was of Ben Affleck (face 2). If the frequency of 'face 2' responses was There were significant aftereffects from all conditions. However, the aftereffect from external features alone were reduced compared to those from the whole face or internal features. Aftereffects did not differ between the whole face and internal features alone. Error bars represent ±1 standard error. greater after adapting to face 1 than to face 2, this would indicate a presence of a repulsive aftereffect. Hence the proportion of 'face 2' responses after adapting to face 1 minus the proportion of ''face 2'' responses after adapting to face 2 is the ''magnitude of aftereffect''. These magnitudes of aftereffects were our dependent variables, and were entered into one-sample t-tests to determine first if significant repulsive aftereffects were present for the different conditions. We then used a repeated-measures ANOVA with main factors of Familiarity (familiar, unfamiliar) and Adaptor type (whole, internal, external), and subjects as a random effect, with linear contrasts used to explore significant effects.
Results
Aftereffects were found from whole faces (Figs. 3 and 4) (unfamiliar: magnitude of aftereffect = 43.7%; t(13) = 11.45, p < 0.001; familiar: magnitude of aftereffect = 25.3%; t(13) = 8.63, p < 0.001), and from internal features (unfamiliar: magnitude of aftereffect = 37.4%; t(13) = 8.26, p < 0.001; familiar: magnitude of aftereffect = 14.6%; t(13) = 3.70, p = 0.0015). External features also generated aftereffects for unfamiliar faces (magnitude of aftereffect = 14.6%; t(13) = 3.75, p = 0.001), but not for familiar faces (magnitude of aftereffect = 3.0%; t(13) = 0.96, p = 0.178).
Repeated-measures ANOVA showed a main effect for both Familiarity (F(1, 13) = 19.39, P < 0.001), with larger aftereffects for unfamiliar faces, and Adaptor Type (F(2, 26) = 39.80, P < 0.001).
However, there was no interaction between Familiarity and Adaptor Type (F(2, 26) = 2.27, P = 0.12). Paired-sampled t-tests (Bonferroni corrected, critical p = 0.014) did not find a difference in the aftereffect between whole face adaptors and internal feature adaptors, for either unfamiliar (t(13) = 1.82, p = 0.09) or familiar (t(13) = 2.41, p = 0.031) faces. However, the aftereffect generated by external features was smaller than the aftereffect from whole faces (unfamiliar: t(13) = 7.59, P < 0.001; familiar: t(13) = 5.49, P < 0.001) or that from internal features (unfamiliar (t(13) = 5.68, P < 0.001; familiar: t(13) = 2.85, P = 0.014).
Comment
These results show that, when presented in isolation, the internal features generate face aftereffects similar to those from whole faces, whereas the external features generate weaker adaptation of facial representations. This is despite the fact that for the female faces, the external features accounted for a larger fraction of the pixels in the facial image than the internal features. Of note, while aftereffects were stronger in general for familiar faces, the asymmetry between internal and external effects did not differ between familiar and unfamiliar faces, suggesting that the representations of these particular familiar and unfamiliar faces did not differ much in their emphasis on internal over external features.
Does this internal/external asymmetry persist if the parts are seen in the context of a whole face? On the one hand, while subjects have only the internal or the external features to which to attend when these are presented in isolation, there is evidence that they attend mainly to internal features when viewing whole faces (Barton et al., 2006; Stacey, Walker, & Underwood, 2005) . Thus, if anything, the effects of attention may exacerbate the internal/ external asymmetry when whole faces are used as adapting stimuli. However, an alternate view is that holistic processing, by treating the face as an indivisible whole, may mitigate against regional disparities, so that all parts contribute approximately equally to the final facial gestalt. To explore this issue, we repeated the experiment but using adaptors that presented the internal features and external features superimposed on a neutral morph image that was a whole face. This neutral image contained 50% of face 1 and 50% of face 2. As the magnitude of aftereffect is calculated by deducting the number of responses following adaptation to face 2 from face 1, the contribution of the components from the neutral image do not impact the magnitude of aftereffect. Since both face 1 and face 2 have the same neutral components, any influence they have would cancel out in the subtraction used to calculate the magnitude of aftereffect.
Experiment 2
3.1. Methods 3.1.1. Subjects 12 different participants took part in Experiment 2 (8 females; mean age 25, range 20-51), all right-handed and with normal corrected vision. All subjects were able to identify the famous faces from an array of familiar and unfamiliar faces, and all were able to name the famous faces.
Apparatus and stimuli
The same apparati were used as in Experiment 1. We also used the same faces to create the adaptors and test stimuli. Morphed test images were identical to those of Experiment 1, as were the choice screens. Where Experiment 2 differed from Experiment 1 was in the adapting stimuli. While the whole-face adaptors were identical to those of Experiment 1, the internal-feature and external-feature adaptors were different. The same grey ovals were used to divide internal and external features. For the internal-feature condition, instead of a uniform grey colour replacing the external features, we substituted the external features from the 50:50 morph image from the series of test morph images ( Fig. 2A) . For the external-feature condition the internal features were likewise replaced by the 50:50 morph image's internal features. We also added a fourth condition, where both the external and internal features were from a 50:50 morph image, to allow us to measure the amount of adaptation generated by this ambiguous image.
Protocol
The sequence of events in single trials was identical to that of Experiment 1. Again, there were four blocks, one each for a male familiar, female familiar, male unfamiliar and female unfamiliar pair of faces. Each block had seven different adaptor conditions instead of six (two each for whole-face, internal-feature, and external feature), because of the addition of the 50:50 morph as an adaptor. As a result, Experiment 2 contained a total of 364 trials.
Results
First the results show that after adapting to the 50:50 morph test image, in each of the four blocks, subjects were not significantly more likely to respond 'face2' than 'face1' over the entire block (Fig. 5) . The mean frequency of 'face 2' responses for the unfamiliar male pair were 0.44, s.d. 0.19 (t(11) = À1.17, p = 0.27), for the unfamiliar female pair 0.40, s.d. 0.19 (t(11) = 1.71, p = 0.12), for the familiar male pair 0.46, s.d. 0.12 (t(11) = 1.25, p = 0.24) and for the familiar female pair 0.59, s.d. 0.17 (t(11) = 1.85, p = 0.09). Hence, it is unlikely that the components of these hybrid faces derived from the 50:50 morph bias perception significantly. However, we also note that any slight skewing of the responses with adaptation to the 50:50 morph in favour of one face over another would not influence the aftereffect magnitudes measured from internal or external features in this experiment. In the example of internal features, aftereffect magnitude is measured as the difference between adapting to the image with internal features of face 1 and adapting to the image with internal features of face 2. Since both of these adapting images have the same external features of the 50:50 morph, any effect of the latter is cancelled by the subtraction.
For unfamiliar faces (Fig. 6 ), aftereffects were obtained from the whole face (magnitude of aftereffect = 34.3%; t(11) = 6.68, p < 0.001), the internal features (magnitude of aftereffect = 11.9% (t(11) = 2.36, p = 0.019) and external features (magnitude of aftereffect = 10.6%; t(11) = 2.02, p = 0.034). For familiar faces (Fig. 7) , aftereffects were also obtained from the whole face (magnitude of aftereffect = 34.6%; t(11) = 8.44, p < 0.001), internal features (magnitude of aftereffect = 15.7%; t(11) = 5.74, p < 0.001) and external features (magnitude of aftereffect = 15.4%; t(11) = 5.93, p < 0.001).
Repeated-measures ANOVA showed a main effect for Adaptor type (F(2, 22) = 20.71, P < 0.001), but not for Familiarity (F(1, 11) = 0.48, P = 0.50), and no interaction between Familiarity and Adaptor type (F(2, 22) = 0.35, P = 0.71). Paired-sampled t-tests (Bonferroni corrected, critical p = 0.014) found larger aftereffects from whole faces than from internal features for both familiar (t(11) = 4.60, p = 0.001) and unfamiliar faces (t(11) = 3.87, p = 0.003). Likewise, aftereffects from whole faces were greater than those from external features, again for both familiar (t(11) = 4.46, p = 0.001) and unfamiliar faces (t(11) = 3.77, p = 0.003). There was no difference in the aftereffect from internal versus external features (familiar: t(11) = 0.11, P = 0.92; unfamiliar: t(11) = 0.32, P = 0.75).
The lack of an effect of familiarity is of interest. One possibility is that subjects became familiar with the anonymous faces through repeated presentation of their images during the course of the experiment. However, this seems unlikely to explain the lack of familiarity effect, as we did find such effects in experiment 1, which followed a very similar protocol. Nevertheless we also conducted a split-half analysis, to see if the magnitude of aftereffects changed for familiar and unfamiliar faces as the experiment progressed. We found no difference in aftereffect magnitude between the first and second halves of the experiment for either the whole face (familiar: t (22) 
Low level effects
In order to ensure that the low-level image properties were not driving the relative aftereffect levels, luminance was measured for all RGB values individually using a photometer. These values were then best-fitted with an exponential curve, which was used to interpolate all RGB values within each image. Average luminance, contrast and energy were examined using MATLAB 2011a (www.mathworks.com) (see Supplementary Fig. 1) . A 2 Â 2 Â 3 ANOVA (Experiment, Familiarity, Condition) for luminance showed no significant effects for Experiment (F(1, 36) = 2.43, P = 0.13), Familiarity (F(1, 36) = 0.60, P = 0.44), or Condition (F(2, 36) = 0.94, P = 0.91). For contrast, there were no significant effects for Experiment (F(1, 36) = 0.08, P = 0.78) or Condition (F(1, 36) = 2.55, P = 0.09), though the contrast for unfamiliar faces were significantly greater than familiar faces (F(1, 36) = 7.80, P = 0.01). Crucially, however, there were no significant interactions between Familiarity Â Experiment (F(1, 36) = 0.03, P = 0.87) or Familiarity Â Condition (F(2, 36) = 1.27, P = 0.29), suggesting that this difference was similar for both experiments and all conditions. Finally, energy showed a similar pattern, with no significant effects for Experiment (F(1, 36) = 0.08, P = 0.78) or Condition (F(1, 36) = 1.95, P = 0.16), but a greater contrast for unfamiliar as compared to familiar faces (F(1, 36) = 5.51, P = 0.03). Again, there were no significant interactions between Familiarity Â Experiment (F(1, 36) = 0.07, P = 0.79) or Familiarity Â Condition (F(2, 36) = 1.32, P = 0.28). In sum, this analysis showed that, although there were differences in the contrast and energy levels of the familiar and unfamiliar face images, these low-level image properties could not explain the patterns of aftereffect observed.
Discussion
Our results show that when presented in isolation, the internal features of faces generate larger aftereffects than do the external features. The whole face condition produced aftereffects roughly that of the sum of the internal and external parts, in both experiments. This may indicate that the internal and external features combine in whole-face processing in an additive or linear manner. Furthermore, even though aftereffects were larger in general for unfamiliar faces in Experiment 1 (but not in Experiment 2, for reasons that are not certain), the asymmetry between internal and external aftereffects was equally true for both familiar and unfamiliar faces. Hence an emphasis on internal features is present for both newly acquired facial representations as well as more longstanding representations of familiar faces. However, this asymmetry is not found when internal and external features are presented in a whole-face context, and again this is true for both unfamiliar and familiar faces. This suggests that whole-face processing tends to reduce regional disparities in the contribution of Aftereffects were produced in all three conditions. Aftereffects from the whole face were greater than those from internal or external features alone: the latter did not differ from each other. Error bars represent ±1 standard error.
Ã P < 0.05; ns = non-significant. Horizontal lines indicate significance of pair-wise contrasts.
local facial parts, perhaps indicating another facet of face-expert processing mechanisms.
Internal versus external features
Increasing dependence on internal features may be one of the markers of acquisition of perceptual expertise with faces, with studies suggesting an emphasis on internal features becoming apparent at around aged 9 years (Campbell, Walker, & Baroncohen, 1995; Want et al., 2003) , and in adults, the degree of attention and fixation on internal features is correlated with the ability to recognise faces (Fletcher, Butavicius, & Lee, 2008) . Evidence for superiority of internal over external features comes from a variety of approaches. Identification and short-term memory for known faces was superior from viewing isolated internal features than external ones (Ellis, Shepherd, & Davies, 1979) , and subjects place more fixations on internal than external features during memory and matching tasks (Stacey, Walker, & Underwood, 2005) . On the other hand, some of these same studies report that internal and external features have equivalent effects when unfamiliar faces are used (Ellis, Shepherd, & Davies, 1979) , with others even reporting a superiority of external features (Haig, 1986; Nachson, Moscovitch, & Umilta, 1995) . One study even reported better matching for external features regardless of familiarity (Davidenko, Witthoft, & Winawer, 2008) . Another report found that internal features dominated recognition when high spatial frequencies were present, as when viewing near faces, but external features were more useful when only low spatial frequencies were available, as when viewing from afar (Jarudi & Sinha, 2003) . The results of our Experiment 1, also using isolated features, are also consistent with an emphasis on internal features for the mental representation of faces. As the adapting images are larger than the test, this creates unequal overlap between the internal and external components of these images, with less overlap in the external. It could be argued that the increased aftereffects for the external components in Experiment 2 may be partly retinotopic and driven by the low-level image properties contained within this larger overlapping area. Even a weak bias in sampling or spatial selectivity could potentially drive the effect. However, given the small scale of retinotopic receptive fields and size of the features in the internal face, significant overlap of features between adaptor and probe is unlikely.
Familiarity effects
It has long been speculated that familiar and unfamiliar faces may differ in not only the strength but also the nature of their representations, with the structural encoding of unfamiliar faces being heavily dependent upon the nature of initial exposure, and recognition depending on the pictorial code, or 'low-level image descriptions' with a predicted vulnerability of such recognition to changes in lighting and viewpoint (Bruce & Young, 1986) (Hancock, Bruce, & Burton, 2000) . In support, one behavioural study demonstrated that familiar faces can generate stronger aftereffects and enhanced transferability across viewpoint changes (Jiang, Blanz, & O'Toole, 2007) , while an fMRI-adaptation study showed adaptation to identity is viewpoint-invariant for familiar faces but not for unfamiliar faces (Jiang, Blanz, & O'Toole, 2006) . Others show that performance on matching of upright unfamiliar faces is correlated with performance on matching inverted familiar faces, but not with matching upright familiar faces (Megreya & Burton, 2006 ) -a hall-marker of expert face-processing mechanisms (Farah, Tanaka, & Drain, 1995; Rossion, 2008; Valentine, 1988 ) suggesting a qualitative difference in processing of upright familiar and unfamiliar faces.
On the other hand, there is also evidence that similar mechanisms may operate on both familiar and unfamiliar faces. In the composite face effect, changes in one half of a face affect discrimination or recognition of the second half, indicating holistic processing, or integration of information across the whole face: this effect is similar for both familiar and unfamiliar faces (Hole, 1994; Young, Hellawell, & Hay, 1987) . Likewise, the effects of blurring, inversion and scrambling on recognition are no different for familiar versus unfamiliar faces, suggesting that they share the same processing strategies and dependencies on featural and configural processing (Burness, Morris, & Bruce, 1994) . Finally, somewhat problematic for the proposal that unfamiliar faces depend more on pictorial coding while familiar faces do not are observations from three adaptation studies. Two fMRI studies contrasted adaptation when same or different images were used, with one of these studies finding image-invariance for both familiar and unfamiliar faces in the fusiform face and occipital face areas (Davies-Thompson, Newling, & Andrews, 2013) , while another found image-dependent representation for both familiar and unfamiliar faces (Davies-Thompson, Gouws, & Andrews, 2009 ). Second, a behavioural study found that identity adaptation was completely invariant across changes in facial expression regardless of the degree of familiarity (Fox, Oruc, & Barton, 2008) . Although this previous study demonstrated that difference in any expression is unlikely to impact the magnitude of the identity aftereffects elicited in our current study, it should be noted that the unfamiliar face set show broader smiles.
Interactions between familiarity and internal/external feature processing
Studies on internal and external feature processing have contributed significantly to the familiarity debate. Early reports on internal/external contrasts observed that the superiority of internal features in recognition and short-term memory was found only for familiar faces, with equivalent performance for internal versus external features when unfamiliar faces were shown (Ellis, Shepherd, & Davies, 1979) . In another study, when subjects performed a matching task of different images of the same person, they showed similar reaction times with internal or external features for familiar faces, but were slower using internal features than external features for unfamiliar faces (Young et al., 1985) . Similar results were obtained when images differed in expression or view, but there was not effect of familiarity if identical images were used in the matching task, suggesting that the enhanced use of internal features by familiar faces was found when stimulus conditions promoted structural rather than pictorial codes. This led Bruce and Young (Bruce & Young, 1986) to conclude that the structural code that was dominant for familiar faces would ''emphasize the more informative and less changeable (cf. hairstyles) regions of the face.'' (p. 308).
More recent studies have reproduced the advantage in reaction time for familiar faces over unfamiliar ones in matching internal but not external features, and even showed a gradient for the speed of matching internal features between unfamiliar, moderately familiar and highly familiar faces (Clutterbuck & Johnston, 2002 . Further support has come from studies of subjects as they became familiar with a set of new faces: matching internal features but not external ones improved reaction time (Clutterbuck & Johnston, 2005) , and accuracy (Bonner, Burton, & Bruce, 2003) . A functional imaging study found greater adaptation in the fusiform face area from internal features of familiar faces, but similar effects from internal and external features of unfamiliar faces . Data from studies of fixations have been less consistent. One study found that subjects made more fixations on internal features: this was slightly more so for familiar faces (95% versus 90% for unfamiliar faces) when subjects matched faces across viewpoint changes, but there was no familiarity effect during recognition and memory tasks (Stacey, Walker, & Underwood, 2005) . Another report found the opposite: during a memory task, subjects placed a greater proportion of fixations on internal features when viewing unfamiliar faces than with familiar ones (Althoff & Cohen, 1999) . The authors speculated that this might reflect more efficient processing of internal features with familiar faces, so that subjects needed to sample this region less than they did with unfamiliar faces.
Our study produced consistent results between Experiments 1 and 2, in that the familiarity of the face did not influence the pattern of results for internal versus external adaptation. There were larger aftereffects from internal features viewed in isolation, but similar aftereffects from internal and external features when these were incorporated into a whole face. This is consistent with similar representations being accessed and created for familiar and unfamiliar faces, and complements the evidence above that similar types of processing are eventually involved in the perception of familiar and unfamiliar faces (Burness, Morris, & Bruce, 1994; Hole, 1994; Young, Hellawell, & Hay, 1987) . The discrepancy between this and prior studies that did show a dependence of the balance of internal versus external feature processing on familiarity may stem from the fact that the unfamiliar faces in those prior studies were seen only once (Clutterbuck & Johnston, 2002 Ellis, Shepherd, & Davies, 1979; Young et al., 1985) : hence they are not only unfamiliar (in the sense of lacking semantic or episodic memories from previous contact) but also novel or unexposed, and therefore lacking in any prior stimulus representation. Indeed, one previous study found short exposure to the same image of faces may be adequate to increase the emphasis on internal features (Clutterbuck & Johnston, 2005) . Hence, while entirely novel faces may show reduced coding of internal features, unfamiliar faces quickly acquire the internal emphasis seen with familiar faces, consistent with rapid convergence of both unfamiliar and familiar faces on the utilisation of face-expert mechanisms, with similar composite face effects (Hole, 1994; Young, Hellawell, & Hay, 1987) , inversion effects (Burness, Morris, & Bruce, 1994) , image-invariance (Bruce, 1994) , and expression-invariance (Fox, Oruc, & Barton, 2008) .
Effects from whole faces versus isolated features
There have been few reports contrasting the effects of the internal and external features presented in isolation with their effects when seen as part of a whole face. In a functional imaging study, while familiar faces showed more adaptation in the fusiform face from internal than from external features, equivalent effects from these parts were found when they were viewed as part of a whole face . Our results provide a behavioural parallel to this neuroimaging observation. Both of these findings indicate that the perceptual context of the features is important in determining the pattern of aftereffects seen.
It is unlikely that the change in effects between isolated and whole-face presentations is attributable to the effects of focal attention. When external features are presented in isolation, they are not subject to competition for such attention; however, when present in a full face, the tendency for subjects to focus on the internal features (Stacey, Walker, & Underwood, 2005) should reduce the attention given to external features. If anything, this should enhance rather than reduce the imbalance in aftereffects favouring internal over external features. Rather, the results suggest that a more even distribution of either attention or perceptual processing takes place when parts are viewed as integrated in a whole face. This suggests that one consequence of whole-face processing is a reduction in the effects of regional saliency documented by others (Shepherd, Davies, & Ellis, 1981) . Thus, in addition to confirming a relative importance of internal over external features in the neural or mental representations of faces, our study and the prior neuroimaging report also provide evidence of another facet of whole-face processing.
